Recent studies in the responses of the sugar-cane plant to varying percentages of soil moisture required the development of a technique for measuring elongation with considerable precision. A modified form of the optical lever, commonly used in physical laboratories for such measurements as the lineal expansion of metals, has been satisfactorily used in this work. So far as is known by the writer, such a device has never before been reported as a tool in plant physiology.
reported as a tool in plant physiology.
In its modified form the device consists of a small circular mirror mounted normally to a short brass rod which is bifurcated at the end remote from the mirror. This split end is spread to receive the plant member to be under observation. Holes drilled through the two parts of the split end, in a line parallel to the plane of the mirror, permit the pinning of the plant tissue to the end of the lever with a minimum of damage.
The weight of the lever is carried upon a metal rod carrying two projections provided with carefully machined depressions in which two steel pins attached to the mirror support are seated when the device is assembled for use. The lever is so counterpoised that its center of gravity is directly over the line of the pins in order that the plant tissue may be protected from stress when attached to the lever arm.
In use the metal rod is attached to a clamp stand at a convenient height, the mirror pins placed in the depressions, and the plant tissue pinned between the split ends of the lever arm. Vertical displacement of the point of attachment naturally deflects the mirror through an angle 0, while the reflected beam from a fixed source moves through an angle 2 0.
Observations upon the magnitude of these deflections may readily be made with a laboratory telescope provided with a cross hair and a scale mounted in the plane of the incident and reflected rays. Evidently the apparent magnification of growth depends partially upon the distance of the scale from the mirror. A distance of 1 meter has been found satisfactory with the standard laboratory telescope.
In operation the telescope is clamped horizontally at the height of the center of the mirror and focused upon the image of the scale, which is clamped to the same support as the telescope. Defleetions of the mirror after settingf cause the reflected beam to move down the image of the scale, while the intersection of the cross hair gives an easily read reference point. With a lever arm of 10 cm. and a distance of 1 meter from the mirror to the scale, a change of 6 cm. per hour in the scale reading has repeatedly been noted with sugar cane. This change of 1 mm. per minute is easily observed by continuous observation. Figure 1 shows the general assembly of two optical levers measuring the Specimen results from these two installations are shown in figures 3 and 4. In figure 3, representing observations with sugar cane, the upper curve shows the vertical displacement of a point on the leaf bundle above the growing point, while the lower curve shows the elongation of the cane itself as measured by the last visible ligule or "dewlap," as it is called locally. This structure presumably is *opposite the most active meristematic tissue. The two curves in figure 4 show the growth history of two 728 -i:.
I
.wr_ 1 adjacent leaves in the inner whorl of the pineapple seedling shown in figure 2. The consistent regression during the heat of the middle of the day is interesting; but whether this phenomenon is due to the high temperature in a poorly ventilated greenhouse, to a peculiarity of the individual under observation, or to a general characteristic of the pineapple plant, is not known. -The further study of this characteristic and its correlation with environmental factors making for excess rate of loss of moisture from leaf tissue is possible by means of the optical levers.
The geometry of the lever system is a little more complicated than is at first apparent. Figure 5 vation moves from P1 to pI, the mirror MM and M'M1 swinging through the angle 2 0. The line of sight from the telescope at B bisects the angle KOG. Two scales are shown. One, CBF, is plane, normal to the line of sight and in the plane of the incident and reflected beams. The other, GBK, is in the form of the arc of a circle of radius R and in the same plane as just described.
If the straight scale be used and a direct proportion between the vertical displacement of P and the resulting difference in scale reading is desired, it is evident that the angle 0 must be small in order that r sin 0=KR tan2e
(1) may express the proportion within the desired degree of precision.
With the curved scale, r sin 0=KR 2 0 (in radians) (2) must express the proportion with the desired precision.
In both cases K is a proportionality constant. figure 5 demands that the growing point move vertically. This condition may be closely approached by establishing the point P at a considerable distance from any rigidly supported part of the plant.
The writer wishes to express his appreciation of the advice and assistance of Dr. WILLARD H. ELLER, of the Department of Physics, University of Hawaii, in designing the optical levers described.
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